Abstract We are going to perform an inclusive spectroscopy experiment of η ′ mesic nuclei with the 12 C(p,d) reaction to study in-medium properties of the η ′ meson. In nuclear medium, the η ′ meson mass may be reduced due to partial restoration of chiral symmetry. In case of sufficiently large mass reduction and small absorption width of η ′ at normal nuclear density, peak structures of η ′ mesic states in 11 C will be observed near the η ′ emission threshold even in an inclusive spectrum. The experiment will be carried out at GSI with proton beam supplied by SIS using FRS as a spectrometer. The detail of the experiment is described.
Introduction
One important feature of the η ′ meson is its especially heavy mass compared to the other pseudoscalar mesons, which is theoretically understood as the effect of U A (1) anomaly. The strength of this effect, pushing up its mass, is considered to be related to chiral condensate [1, 2] . Then, in nuclear medium, due to partial restoration of chiral symmetry, the mass of η ′ may be reduced. Actually, in the NJL model calculations, it is shown that the mass reduction accounts for about 150 MeV at normal nuclear density [3, 4] . Such mass reduction serves as attractive potential between an η ′ and a nucleus. Therefore, η ′ meson-nucleus bound states may exist [4, 5] . So far, there is no direct experimental information on η ′ mass in medium, but scattering length of η ′ -nucleon interaction, which is related to the mass reduction. In Ref. [6] , from measurements of pp → ppη ′ reaction near threshold, scattering length of η ′ -nucleon interaction was evaluated to be of the order of 0.1 fm. This suggests that interaction between η ′ meson and nucleon is not strong, and it seems difficult to understand the small scattering length and the scenario of large mass reduction at the same time [5] . In this sense, a new experiment on η ′ mesic nucleus states will give new information on this situation.
As for the in-medium width, the CBELSA/TAPS collaboration found small absorption width of η ′ at normal nuclear density [7] . They measured mass-number dependence of the transparency ratio, and concluded η ′ absorption width of 15-25 MeV at normal nuclear density for the average η ′ momentum of 1050 MeV/c. This suggests that decay width of η ′ meson-nucleus bound states could be small as well. Therefore, one may observe η ′ -nucleus bound states as distinct peaks experimentally.
Experimental Method
We are planning a missing mass spectroscopy of the 12 C(p,d) reaction near the η ′ emission threshold at GSI [8, 9] . We will employ 2.5 GeV proton beam from SIS (Heavy Ion Synchrotron) with the rate of 10 10 /s, and use 4 g/cm 2 -thick carbon as a target. In order to measure the momentum of outgoing deuterons, we will use FRS (Fragment Separator) as a forward spectrometer. Figure 1 shows our setup in FRS. We will install two sets of multiwire drift chambers (MWDC) at a dispersive focal plane at S4. By measuring positions of ejectile deuterons, missing masses in the reaction can be obtained. Owing to good resolution of FRS, the overall spectral resolution will be about 1.6 MeV, which is sufficiently small compared to the decay width expected.
In the experiment, however, also many background particles can reach the S4 area. Firstly, intense primary beam will be dumped in the first dipole magnet, and produce many secondary particles. This background can be suppressed by adopting an appro- priate optics mode. We adopt momentum-compaction optics at the middle focal plane S2 and install slits there in order to select only particles originating from the target and suppress such secondary background. Secondly, we expect proton background produced by the (p,p ′ ) reaction in the target. To reject this proton background, we will install an aerogel Cherenkov counter (AC) at S4 and scintillation counters (SC1, SC2) at S3 and S4. In the trigger level, most of the protons will be rejected by the aerogel Cherenkov counter, which has a threshold between the velocity of the signal deuterons and that of the background protons. In the off-line analysis, by use of time-of-flight between S3 and S4, we expect almost all these background can be rejected.
One feature of this experiment is an inclusive spectroscopy, in which only ejectile deuterons are measured. This leads to a simple analysis, as no assumption on decay processes is necessary. However, the signal-to-noise ratio becomes poor, because of quasi-free meson (not η ′ ) production processes as described in the next section. This can be overcome by high statistics using intense primary beam available at SIS in GSI and a thick production target.
Simulation of Inclusive Spectra
We have simulated inclusive spectra of the 12 C(p,d) reaction to discuss the experimental feasibility of finding peak structures. At first, we estimated the cross section of background processes in the inclusive (p,d) spectrum, which is mainly dominated by multi-pion production, based on COSY/ANKE data and simulation [10] . Then, combining with the formation cross sections calculated in Ref. [11] , we simulated inclusive spectra expected in 4.5-day data acquisition. Figure 2 shows the result for several cases of different in-medium mass reductions and widths. When the mass reduction is large and the width is small, distinct peak structures can be observed. However, with smaller mass reduction and broader width, signal-to-noise ratio becomes much worse, and therefore peak structures can not seen in this case. When |V 0 | = 150 MeV, as predicted by the NJL model calculations [3, 4] , and |W 0 | is less than 12.5 MeV, as reported by the CBELSA/TAPS experiment [7] , there is a large chance to observe peaks in the missing-mass spectrum experimentally.
Summary
We are planning an inclusive spectroscopy experiment of η ′ mesic nuclei with the 12 C(p,d) reaction at GSI aiming to study in-medium properties of the η ′ meson. This experiment will be performed at GSI with intense proton beam supplied by SIS and FRS as a spectrometer with good resolution. A simulation of inclusive spectra shows that significant structures will be observed even in inclusive spectra if the mass reduction is sufficiently large and the decay width is small.
The preparation, such as R&D of the detectors and the optics mode for FRS, is on-going. We expect a first pilot experiment will be performed in 2013-2014. Fig. 2 Simulated inclusive spectra expected in 4.5-day data acquisition. V 0 is the real part and W 0 is the imaginary part of the optical potential at normal nuclear density. In-medium mass reduction and width correspond to |V 0 | and 2|W 0 |, respectively. The amount of the background processes is shown by the dashed line.
